In the present work, the electronic structure of the passive film formed on austenitic stainless steel of the 304 type and its implications on the initiation of localised corrosion are investigated taking into account concepts developed in semiconductor physics and semiconductor electrochemistry. Capacitance measurements (Mott-Schottky approach), show that the susceptibility of AISI 304 stainless steel to stress corrosion cracking (SCC) in boiling chloride containing aqueous solutions is closely linked to the formation of a chromium rich passive oxide film with p-type semiconductivity. A small polarisation is required to drastically change the electric field at the film-electrolyte interface, as a consequence of the high doping level of the passive film. Initiation of the SCC phenomenon is described as the consequence of localised changes in the semiconductive properties of the passive film.
Introduction
Stress corrosion cracking (SCC) promotes catastrophic failures on different engineering materials as a result of the combined synergistic interaction of mechanical, metallurgical and environmental factors. The number of works concerning research into these aspects is considerable, with emphases in fracture morphology and electrochemical aspects within which the passive film and its rupture have been considered of utmost importance [1] [2] [3] [4] [5] . However, in spite of the vast amount of research efforts, the understanding of stress corrosion phenomena demands further investigation. For stainless steel the role of film composition, structure and properties associated to SCC have not been established.
It is the aim of the present work to demonstrate how the electronic structure of the film can provide information for the interpretation of localised corrosion processes such as SCC, taking into consideration that the passive state is related to the development of an oxide film with semiconductive character [6] [7] [8] [9] .
The study of the electronic structure of the passive film and the effect of polarisation on the film stability for AISI stainless steel 304 is carried out using the Mott-Schottky approach. Table 1 shows the composition of AISI 304 used in this work. The specimens were subjected to vacuum annealing (20 minutes at 1050 ºC) followed by rapid cooling also in vacuum. A study in a redox system was also conducted using a deaerated solution of Na 2 SO 4 (0.5 M) + K 3 Fe(CN) 6 (0.1 M) + K 4 Fe(CN) 6 (0.1 M) at room temperature.
Experimental
A three-electrode configuration cell was used. All electrochemical potentials referred in this work are indicated relative to the saturated calomel electrode (SCE).
Data on the electronic properties of the passive film were obtained by capacitance measurements which reflect the charge distribution in the film. The relationship between the differential capacitance, C, and the potential drop in the semiconductor can be written in the following form [10] :
representing the Mott-Schottky equation, where e is the elementary charge (+ e for electrons and -e for holes), ε is the dielectric constant, εº the permittivity in vacuum, N is the acceptor or donor concentration, E is the applied potential, and E fb , the flat band potential. Using eq. (1) it is possible, from the intersect with the potential axis of the C -2 versus U plot, to determine E fb . The donor or acceptor concentrations can be estimated from the slopes of the straight lines obtained.
The Mott-Schottky plots were obtained by performing a potential scan in the cathodic direction.
The capacitance measurements were carried out at 3160 Hz within the potential range from + 0.5 to -0.5 V(SCE). A perturbing signal of 10 mV rms was used.
Potential was scanned by applying successive steps of 100 mV. EG&G equipment was used throughout associated to a Lock-in Amplifier Model 5210.
The capacitance was calculated using an RC series equivalent circuit network.
AES analysis used a cylindrical mirror analyser and an axial gun. The primary beam had an incidence of 30º relatively to the plan normal to the surface of the specimen and energy of 3 keV and an incident angle of 50º leading to an etching rate of approximately 0.5 nmmin -1 . for AISI 304 stainless steel as a function of potential.
Results

Stress corrosion cracking of stainless steels in boiling magnesium
The initiation of localised corrosion process, in this case stress corrosion cracking, is associated to potential conditions in which the formation of an oxide film promotes sufficiently low currents for a passive condition to be established together with the presence of a load that allows compatible stresses for the development of active cracks.
A study of the film composition, in situations that covered the transition from non-susceptible to susceptible potentials, was carried out using ex-situ AES analysis. Fig. 2 shows the depth composition profiles obtained for passive films formed on 304 stainless steels in MgCl 2 solutions at -0.45 V (Fig. 2a) and -0.30 V (Fig. 2b) . The analytical study demonstrated that the chemical composition of the film changes with potential rise. The film is composed by a nickel rich-iron mixed oxide in the first case, and by essentially a chromium-iron oxide when the specimens have been exposed to the corrosive medium at a susceptible potential (see Fig. 2b ). In the present comparative study, it is assumed that, even if the first atomic superficial layers of the film are susceptible to contamination when in contact with air, the essential characteristics of the films are retained, so that global composition is not altered in a significant manner. This is illustrated by the negative slope of the Mott-Schottky representation, see It is well known that when a semiconductor electrode is exposed to a solution, the transfer of electronic charge depends on the mutual disposition of the characteristic energy levels for the conduction and valence bands. So, it can be assumed that the current voltage characteristics are markedly asymmetric [11] . In the case of an n-type semiconductor electrode the current increases exponentially under cathodic polarisation whilst remaining limited under anodic polarisation.
Conversely, for a p-type semiconductor electrode it is the anodic current that increases exponentially under polarisation. Fig. 3b) shows the current-potential curves obtained for the passive films formed during the incubation time (non-susceptible potential, -0.45 V (curve 1)) and that formed at a susceptible potential, -0.30 V (curve 2). As it can be observed, the electrochemical response can be related to the behaviour of an n-type and a ptype semiconductor, for curves 1 and 2, respectively.
Discussion
The protective character of passivity can be explained by the development of passive oxide layers with semiconducting properties.
One of the characteristics of the system AISI 304 stainless steel / boiling MgCl 2 solutions is the existence of a very small potential range for the passive state.
The present study demonstrated that there is a change in film composition associated to the transition to susceptible potentials for SCC. On the other hand, capacitance measurements showed that the plot C -2 versus U revealed the semiconducting behaviour of chromium oxide. Initially an iron-nickel rich spinel forms at lower potentials in this environment, while a chromium rich spinel formed at susceptible potentials.
It is well known that the electric field strength at a semiconductor electrolyte interface is normally much smaller than in the case of a metal-electrolyte interface. Therefore, the influence of electrostatic forces on the energy barriers for charge-transfer processes may be negligible. In place of this, the concentration of the electronic charge carriers in the surface of the semiconductor electrode varies by orders of magnitude with changing voltage and becomes an important factor for the rate of all reactions in which these charges carriers take place directly. It should be remarked that the characteristic feature of such current-voltage curves is that in the conduction band only the cathodic processes are influenced by applied voltage, whereas in the valence band only the anodic processes depend on the voltage [11] .
When the electrochemical potential increases, there is a transition from n-type to p-type semiconductivity of the film (the possible defects are interstitials (iron and nickel ions) and oxygen vacancies in the first case, and chromium vacancies in the latter). This evolution of the electronic structure can be related to changes of both chemical composition and concentration of the predominant structural defects.
The passive films formed on 304 stainless steel in the specific environment under study, which promotes stress corrosion cracking, are highly doped and the Fermi The influence of dislocations is obviously accentuated in the regions of the metallic surface where slip planes intercept the passive film and a large number of dislocations may be concentrated.
Conclusions
-The susceptibility of AISI 304 stainless steel to stress corrosion cracking in boiling chloride containing aqueous solutions, is closely linked to the formation of a chromium rich passive oxide film with p-type semiconductivity.
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-The initiation of the SCC phenomenon can be described as being the consequence of a localised change of the semiconductivity properties of the passive film.
